Associative interference from overlapping word pairs (A-B, A-D) reduces recall but has inconsistent effects on recognition. A dual-process account suggests that interference conditions reduce recollection but increase familiarity. This is predicted to increase recognition false alarms but have variable effects on recognition hits, depending on the relative contribution of recollection and familiarity. In three experiments that varied materials (sentences or random nouns) and test type (associative or pair recognition), interference conditions always increased recognition false alarms, but sometimes increased and sometimes decreased recognition hits. However, remember hits always decreased and know hits always increased with interference, patterns predicted of the recollection and familiarity processes, respectively. According to the dual-process view, a manipulation that affects the component processes in opposite ways can produce inconsistent patterns of recognition performance as the relative contribution of recollection and familiarity changes across tasks.
According to dual-process theories of recognition, two qualitatively different retrieval processes contribute to recognition memory (Atkinson & Juola, 1974; Mandler, 1980; Reder et al., 2000; Yonelinas, 1994) . The theories vary in detail, but their descriptions of the processes are generally similar. Recollection retrieves episodic or associative details. It is typically described as a search for specific information, a process perhaps similar to that involved in the recall task (Clark, 1999; Humphreys, 1978; Mandler, 1980) . Familiarity produces nonspecific information about past occurrences. A retrieval cue matches each item in memory to some degree on the basis of similarity or learned association, and the global or aggregate match is represented psychologically as a unidimensional sense of familiarity strength.
The detrimental effect on recall of studying overlapping paired associates (A-B, A-D or A-B, A-B r ) is well documented in the classic literature on proactive and retroactive interference. However, the same literature notes that evidence of associative interference in recognition is often absent, or at best inconsistent (for a review, see Postman, 1976) . One way to conceptualize the associative interference paradigm is as a manipulation of the similarity between items (e.g., Dyne, Humphreys, Bain, & Pike, 1990) . Overlapping pairs (dog-tree, doglake) are more similar to one another than are nonoverlapping pairs (dish-skirt, star-ball). As a consequence, a recognition probe drawn from a study list of overlapping pairs has, on average, a greater match to items in memory than does a probe drawn from a study list of nonoverlapping pairs. As in the earlier interference literature, studies manipulating the relatedness of test probes to the study list have produced inconsistent findings. The present study describes a dual-process account that can shed light on these puzzling results.
Increasing the similarity or relatedness of nonstudied probes to the study list increases the false alarm rate. This has been observed with associatively, semantically, or orthographically related words (Anisfield & Knapp, 1968; Roediger & McDermott, 1995; Shiffrin, Huber, & Marinelli, 1995; Underwood, 1965; Vogt & Kimble, 1973) , word pairs (J. R. Anderson & Reder, 1999; Dyne et al.,1990) , alphanumeric characters (Flagg, 1976; Reitman & Bower, 1973) , geometric shapes (Medin & Schaffer, 1978) , faces (Busey & Tunnicliff, 1999; Vokey & Read, 1992) , pictures (Henkel & Franklin, 1998; Koutstaal & Schacter, 1997; Strack & Bless, 1994) , and sentences (Bransford & Franks, 1971; Cantor & Engle, 1993; Holmes, Waters, & Rajaram, 1998; King & Anderson, 1976; Reder & J. R. Anderson, 1980) . Increasing the similarity or relatedness of studied probes to the study list produces inconsistent results, sometimes slightly increasing the hit rate (Dyne et al., 1990; Shiffrin et al., 1995) and other times decreasing the hit rate (J. R. Anderson & Reder, 1999; Cantor & Engle, 1993; King & J. R. Anderson, 1976; Reder & J. R. Anderson, 1980) . Models of recall typically describe associative interference as a byproduct of a competitive retrieval process. Items in memory are sampled according to the degree of
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Copyright 2004 Psychonomic Society, Inc. match between the item and the retrieval cue. Retrieving the target memory can be made more difficult when other, similar memories are also recruited by the cue (Gillund & Shiffrin, 1984; Rundus, 1973; Wixted, Ghadisha, & Vera, 1997) . If recollection-based recognition involves a recall-like process, recollection should decrease under interference conditions. Models of familiaritybased recognition make a different prediction: Because the familiarity process is aggregative rather than competitive, increasing the number of items in memory that are similar to the target should increase global match and thus increase familiarity strength (Gillund & Shiffrin, 1984; Hintzman, 1988) . The theoretical characteristics of the retrieval processes lead to two predictions that are consistent with the body of empirical data. First, familiarity and recollection of old items are affected in opposite ways by an interference manipulation, which can result in either an increase or decrease in hits, depending on the relative contribution of the two processes. Second, the familiarity (and perhaps false recollection) of new items should only increase with interference, resulting in an increase in false alarms. The next sections discuss these predictions in the context of word pair learning and outline the use of remember-know judgments to measure retrieval processes.
Associative Interference and Retrieval Processes
Consider a study list of six word pairs: tree-sand, tree-star, rose-bear, doll-bear, lake-bird, wine-snow. As shorthand, the words are represented by letters: A-B, A-C, D-E, F-E, G-H, I-J. Retrieval processes can be described in terms of the degree of match between a retrieval cue and representations in memory. Restricting the example to memory representations of the study list, there are three possible degrees of match between a word pair presented as a test probe and an item in memory (see Table 1 ). The match might be identical (I), sharing both words, a partial match (P), sharing only one word, or a mismatch (M), sharing no words-with the degrees of match ordered I Ͼ P Ͼ M. For example, the test probe A-B is identical to one memory item (A-B), partially matches one memory item (A-C), and mismatches four memory items (D-E, F-E, G-H, I-J). The studied test probes A-B and G-H represent the interference and baseline conditions, respectively. Interference condition studied pairs overlap other pairs in the study list, whereas baseline condition pairs contain words that appear only once in the study list. Rearranged pairs, which serve as lures in associative recognition tasks, may likewise represent interference and baseline conditions depending on whether their component words are drawn from interference studied pairs (A-E ) or baseline studied pairs (G-I ).
The familiarity process produces a nonspecific sense of oldness based on the match between a cue and the contents of memory. Global match is an aggregate of all individual cue-to-memory matches (e.g., Gillund & Shiffrin, 1984; Hintzman, 1988) , and can be represented by a value on the unidimensional scale of familiarity strength. 1 From Table 1 , it is clear that familiarity strength is greater for interference pairs relative to baseline pairs. This is true for both studied pairs and rearranged pairs. Interference pairs are more familiar because they partially match more items in memory.
The recollection process produces specific information about associations or past episodes, and this requires identifying or isolating a particular item in memory. Recall is used here as a guide to recollection-based retrieval (Clark, 1999; Mandler, 1980) . Many models of recall suggest that competitive interference is a defining characteristic of retrieval (Gillund & Shiffrin, 1984; Rundus, 1973; Wixted et al., 1997) . Competitive interference is the idea that selectively retrieving a particular memory item becomes more difficult when competitors are also recruited by the retrieval cue. Nontarget items that closely match the target are also likely to be recruited by the cue, making them strong competitors. In Table 1 , probes from the interference condition partially match more items in memory, leading to an increase in competitive interference and a reduced likelihood of retrieving the target memory.
The defining characteristics of familiarity (aggregation) and recollection (competitive selection) determine how the individual processes should be affected under conditions of associative interference. Predicting the effect of interference on recognition performance, however, is not straightforward. The dual-process view suggests that recognition hit rate is determined by both recollection and familiarity (see also Joordens & Hockley, 2000; Reder et al., 2000) . Under interference conditions, old items are expected to have greater familiarity strength but a reduced likelihood of recollection. The net effect of these opposing tendencies on hit rate depends on the relative contribution of familiarity and recollection to recognition judgments.
Whether recognition false alarm rate is also determined by both processes or is based on familiarity alone depends on the model of recollection. If recollection is high threshold (e.g., Yonelinas, 1994) , so that recollection may never occur for a new item, false alarm rate is based only on familiarity and should increase under interference conditions. Alternatively, recollection is graded rather than all- 
Note-The degree of match between a recognition probe and an item in memory can be described as identical (I ), a partial match (P), or a mismatch (M), with I Ͼ P Ͼ M.
or-nothing. It is known that source memory can be partial. For example, it is possible to accurately recall that a word was spoken by a male voice without being able to recall the specific male voice (Dodson, Holland, & Shimamura, 1998) . Similarly, recollections of past episodes might vary in the quantity and quality of detail. If recollective information is graded, a decision process is likely to be involved: The respondent compares the retrieved information with the cue and decides whether it constitutes an acceptable match. False recollection might arise when a nontarget memory similar to the target is retrieved and judged to sufficiently match the cue. Evidence suggests that false recollections occur when new items are very similar to studied items (Roediger & McDermott, 1995) . If false recollection leads to false alarms in this way, interference conditions, which increase the match of nontarget memories to the cue, should also increase recollectionbased false alarms.
Remember-Know
The dual-process account predicts that associative interference conditions should increase recognition false alarm rates but have a variable effect on hit rates. However, the account predicts not just the pattern of overall recognition but also effects on the component processes. With memory for old items, in particular, the recognition hit rate does not allow direct examination of the claim that opposing tendencies in recollection and familiarity cause the inconsistent hit rate patterns. To allow a more compelling test of the dual-process account, recognition was supplemented by remember-know judgments as a way to separately measure recollection and familiarity. After judging an item to be from the study list, subjects indicated whether they remembered specific details about the past encounter or simply knew, in the absence of such detail, that the word was old or familiar (Tulving, 1985 ; for a review, see Gardiner & Richardson-Klavehn, 2000) .
The experiential states of remembering and knowing have often been linked, directly or indirectly, to the theoretical retrieval processes of recollection and familiarity. The similarities between the two sets of constructs are obvious at the descriptive level: Recollection and remembering are associated with specific information, whereas knowing and familiarity deal with a nonspecific sense of past experience. A qualitative difference between remembering and knowing is suggested by evidence that remembering is tied to accurate memory for source and associations (Conway & Dewhurst, 1995; Hockley & Consoli, 1999; Mather, Henkel, & Johnson, 1997; Perfect, Mayes, Downes, & Van Eijk, 1996 ; but see Hicks, Marsh, & Ritschel, 2002) and that remembering and knowing have different neurophysiological correlates (Curran, Gardiner, Java, & Allen, 1993; Duzel, Yonelinas, Mangun, Heinze, & Tulving, 1997; Rugg, Schloerscheidt, & Mark, 1998) .
Using remember-know judgments to isolate the contribution of different processes requires assumptions, first about the way that the retrieval processes interact to produce the final recognition decision, and second about the relationship between subjective measures and the underlying processes. The assumptions adopted here are common in the literature. First, it is assumed that when recollection is available, it will solely determine the recognition judgment. Thus, the output of the recollection process is never reduced by increases in the output of the familiarity process. This assumption of priority suggests that if remembering is a product of the recollection process, it should provide a direct measure of the contribution of recollection.
A complication arises if, as was suggested earlier, recollection is subject to decision processes. In fact, it has been shown that the decision criterion for remember responses can be manipulated (Hirshman & Henzler, 1998; Postma, 1999; Xu & Bellezza, 2001) , which indicates that remembering should not be treated as an absolute measure of recollection. However, it can serve as a relative measure of recollection when the criterion for recollection remains fixed across conditions within the same test list. It is a standard assumption that subjects maintain a single set of decision criteria within the same test list, and empirically it has been shown that subjects are reluctant to use multiple sets of criteria when only memory strength is manipulated within a list (Morrell, Gaitan, & Wixted, 2002; Stretch & Wixted, 1998) , as was the case in the present experiments.
While the rate of remembering may serve as a direct measure of recollection, a similar measure of familiarity is problematic. The difficulty arises because rememberknow judgments are exclusive; there is no way for a subject to indicate a state of simultaneously remembering and knowing. Yonelinas and Jacoby (1995) have suggested that recollection and familiarity are independent. If this is so, and given the priority of recollection, the know rate will underestimate the contribution of familiarity whenever the remember rate is greater than zero. If the processes are independent, properly measuring familiarity requires a correction of the know rate: independent know (IK) ϭ [know/(1 -remember)]. In the present study, only analyses of IK rates are reported, although analyses of untransformed know rates produced identical results in every case.
Overview of Experiments
The dual-process account makes predictions at the level of recognition judgments and also at the level of remember-know judgments. With memory for old items, interference conditions are predicted to have opposing effects on the retrieval processes, so that recognition hit rate might increase or decrease, depending on the relative contribution of the component processes. However, interference should always decrease remember hit rate and increase IK hit rate, regardless of the effect on recognition hit rate. With new items, interference conditions are predicted to increase recognition false alarm rate because familiarity and false recollection should only increase with interference. The dual-process account can explain the puzzlingly inconsistent patterns of recognition observed in the empirical data. The goal of the present experiments was to test the dual-process account by reproducing the different patterns of recognition performance (an increase or decrease in hits with an increase in false alarms). If the account is correct, the predicted effects of interference on remember-know judgments (decrease in remember hits and increase in know hits) should be observed across all patterns of recognition.
The experiments were also designed to rule out alternative explanations for the inconsistent recognition patterns based on differences in materials and tasks. Increases in both hit and false alarm rates with interference were observed by Dyne et al. (1990) with random word pairs and by Shiffrin et al. (1995) with semantically, phonemically, and orthographically related single words. These writers argued that the observed pattern was consistent with familiarity-based models. Dyne et al., however, suggested that sentence materials might encourage the use of a recollective process, leading to recognition patterns not in keeping with familiarity-based models. In fact, studies using sentence materials have observed the decrease in hit rate (Cantor & Engle, 1993; King & Anderson, 1976; Reder & Anderson, 1980) . To rule out this material-specific explanation, it must be shown that an interference manipulation can both increase and decrease recognition hit rate with sentence materials (Experiments 1 and 2).
When word pairs are studied, two types of recognition test are possible. Associative recognition requires discriminating intact from rearranged pairs. All pairs contain words that were encountered during study, so discrimination must rely on memory for associations rather than on the familiarity of individual words. 2 Pair recognition, on the other hand, requires discriminating studied pairs from novel pairs of unstudied words. Discrimination can rely on the familiarity of individual words. Associative recognition often behaves differently than recognition of old versus novel items (Clark, 1992; Nobel & Shiffrin, 2001; Rotello & Heit, 2000; Westerman, 2000 Westerman, , 2001 Yonelinas, 1997) , which raises the possibility that each task relies on a different (single) retrieval process. To rule out this taskspecific explanation, it must be shown that an interference manipulation can both increase and decrease hit rate in associative recognition (Experiments 1 and 3).
EXPERIMENT 1
Subjects studied sentences in the form "the person is in the location." For example, "the doctor is in the garage." In the baseline condition, each person noun and location noun appeared only once in the study list. In the interference condition, each noun appeared four times during study, each time paired with a different person or location. The study list was followed by an associative recognition test in which studied sentences had to be discriminated from those containing persons and locations from the study list that had been rearranged into novel pairings.
Method
Subjects. Thirty-six undergraduates from the University of Illinois, Urbana-Champaign, participated in the study for course credit.
Materials and Design. The subjects were individually assigned to computers, which controlled list generation, presentation, and response recording. The assignment of nouns to experimental conditions and the order of items within lists were uniquely randomized for each subject. The stimuli were sentences in the form "the person is in the location." The person nouns and location nouns, representing 40 common professions and 40 everyday locations, were 4 to 12 letters in length and drawn from a pool of 72 person nouns and 72 location nouns.
There were 64 unique sentences in the study list. Half contained person and location nouns that appeared only once in the study list (baseline condition), while the other half contained person and location nouns that each appeared in four different sentences (interference condition). To create interference condition pairs, four person nouns and four location nouns were combined in all possible ways to yield 16 unique sentences. There were two such interference sets and 128 unique sentences in the test list: 64 studied sentences and 64 rearranged sentences. The latter were created by re-pairing either two studied nouns from different baseline pairs (baseline condition) or two studied nouns from different interference sets (interference condition).
Procedure. The 45-min session consisted of a practice phase, a study phase, and a test phase. During the practice phase, the subjects were given 10 study trials and 20 test trials to familiarize them with the task. The procedure was identical to the subsequent study and test phases, but practice materials never appeared again.
During the study phase, each sentence appeared in the center of the screen for 4,500 msec, followed by a 1,000-msec blank interval. The subjects were instructed to learn the sentences for a memory test to follow. During the test phase, each trial began with a fixation line of "ϩ" symbols displayed in the center of the screen for 1,000 msec. A test sentence replaced the fixation line and remained until the subject responded. The "z" and "/ " keys were used to report intact-rearranged recognition judgments. If a pair was judged to be intact, the "1" and "2" keys were used to report whether the memory was remembered or known. The trial ended with a 500-msec blank screen. Remember-know instructions were adapted from standard ones used by Gardiner, Ramponi, and RichardsonKlavehn (1998) . To summarize, the subjects were told that remembering is the ability to consciously bring back details of the study episode, such as where in the study list an item had appeared or what images or associations it had invoked at the time, and that knowing is a sense of familiarity in the absence of such detail.
Results
Hit and false alarm rates are shown in Table 2 . Accuracy based on recognition hits and false alarms was reliably lower in the interference (d ′ ϭ 1.14) than in the 
Discussion
Given the characteristics of the retrieval processes, it was predicted that interference conditions would reduce the likelihood of recollecting old items but increase their familiarity strength. Consistent with this, remember hit rate decreased whereas IK hit rate increased in the interference condition. The increase in IK false alarm rate with interference was also consistent with an increase in familiarity, whereas the increase in remember false alarm rate suggests that subjects may have claimed recollection for rearranged pairs due to high similarity of those pairs to memories of studied items.
The pattern of decreasing recognition hit rate and increasing false alarm rate is similar to that observed in other studies using materials consisting of paired associates embedded in sentences. It might be that this pattern of recognition effects, specifically the decrease in hit rate, is tied to the sentence materials, as Dyne et al. (1990) suggest. Sentences, perhaps due to differences in their encoding, might lead subjects to use a different retrieval process than they would use for less meaningful materials. The dual-process account makes a different claim: The same retrieval processes are involved across recognition tasks, regardless of the materials. However, differences in tasks or materials may lead to differences in the relative contribution of recollection and familiarity, and the latter determines whether recognition hit rate increases or decreases under interference conditions.
EXPERIMENT 2
The goal of Experiment 2 was to show that sentence materials like those used in Experiment 1 can produce an increase rather than a decrease in recognition hit rate under interference conditions. Experiment 2 was identical to Experiment 1 in all important respects, save one: The test was pair recognition, which requires discriminating studied pairs from pairs containing completely novel words. Unlike in associative recognition, in pair recognition it is possible to accurately discriminate on the basis of the familiarity of individual words in a pair. The greater role of familiarity may push the pattern of recognition judgments toward that expected of a familiarity process-namely, an increase in both hit and false alarm rates. If this were to happen, the dual-process account still predicts a decrease in remember hit rate and an increase in IK hit rate.
Method
Subjects. Thirty-seven undergraduates from the University of Illinois, Urbana-Champaign, participated in the study for course credit.
Materials and Design. The materials and design were identical to Experiment 1 in all respects. The person and location nouns consisted of 72 common professions and 72 everyday locations. As in Experiment 1, there were 64 unique sentences in the study list and 128 unique sentences in the test list: 64 studied sentences and 64 novel sentences. The novel sentences were created from 32 persons and 32 locations that never appeared during study. Each novel sentence was included twice, for a total of 64 new sentences. Novel sentences were repeated to ensure that mere knowledge that a noun had been repeated in the test list (as was the case for old sentences in the interference condition) was not sufficient evidence that a sentence was old.
Procedure. The procedure was identical to Experiment 1 in most respects. However, pilot work indicated that using novel rather than rearranged lures led to performance close to ceiling, preventing a test of the critical hypotheses. Therefore, study duration in Experiment 2 was reduced to 3,000 msec per sentence, bringing performance to the level observed in Experiment 1.
Results
Hit and false alarm rates are shown in Table 3 . Accuracy based on recognition hits and false alarms was reliably higher in the interference condition (d′ ϭ 2.50) than in the baseline condition [d′ ϭ 2.04; t (36) 
Discussion
Unlike in Experiment 1, there was an increase (rather than a decrease) in recognition hit rate for the interference condition. However, the pattern of remembering and knowing remained unchanged. As predicted by the dual-process account, interference led to a decrease in remember hit rate and an increase in IK hit rate. The reversal in the direction of recognition hit rate came from using novel rather than rearranged lures. This may have allowed subjects to rely more on familiarity, because a sense of oldness for individual words is discriminative in pair recognition but provides little useful information in associative recognition. It is also possible that the reduction in presentation duration at encoding (needed to avoid ceiling performance in this easier memory task) Notes-Hit rates for baseline (H-B) and interference (H-I) pairs and false alarm (FA) rates are shown for overall recognition and also conditional on subjective state. IK ϭ know/(1 Ϫ remember).
reduced recollection, although rates of remembering were comparable to those in Experiment 1. Whatever the case, the results support the conclusion that the relative contribution of recollection and familiarity, and not the materials per se, determines whether interference conditions increase or decrease recognition hit rate. Put another way, interference reduced recollection of studied pairs but increased the contribution of familiarity to such an extent that the net effect was an increase in recognition hits. Of course, the two patterns of recognition observed in Experiments 1 and 2 were each associated with a different type of recognition test. It might be that associative recognition depends on a retrieval process different from the one used in pair recognition. This possibility is amenable to a single-process account, whereas the dual-process account claims that different recognition tasks rely on the same processes. The relative contribution of recollection and familiarity may differ across tasks, which determines whether recognition hit rate increases or decreases under interference conditions.
EXPERIMENT 3
The goal of Experiment 3 was to show that an associative recognition test like that used in Experiment 1 can produce an increase rather than a decrease in recognition hit rate under interference conditions. Rather than meaningful sentences, study materials consisted of randomly paired nouns. Dyne et al. (1990) suggested that such materials should reduce the use of a recollective process. The greater role of familiarity may push the pattern of recognition judgments toward that expected of a familiarity process: an increase in both hit and false alarm rates. If this were to happen, the dual-process account still predicts a decrease in remember hit rate and an increase in IK hit rate. In Experiment 3, performance was compared across three different levels of interference: Words appeared in two, three, or four different pairs during study.
Method
Subjects. Thirty-one undergraduates from the University of Illinois, Urbana-Champaign, participated in the study for course credit.
Materials and Design. The subjects were individually assigned to computers, which controlled list generation, presentation, and response recording. The assignment of nouns to experimental conditions and the order of items within lists were uniquely randomized for each subject. The stimuli were randomly paired nouns drawn from a pool of 400 nouns matched for frequency (Ͻ100/million; Kučera & Francis, 1967) and length (five to six letters).
There were 100 word pairs in the study list. Three conditions represented different levels of interference. In the low-interference condition, two words were assigned the left position, two words were assigned the right position, and all possible combinations of left and right position yielded 4 unique pairs (each word appeared in 2 pairs). In the medium-interference condition, three words were assigned the left position, three words were assigned the right position, and all possible combinations of left and right position yielded 9 unique pairs (each word appeared in 3 pairs). In the highinterference condition, four words were assigned the left position, four words were assigned the right position, and all possible combinations of left and right position yielded 16 unique pairs (each word appeared in 4 pairs). The study list included similar numbers of pairs from each interference condition (32 low, 36 medium, 32 high).
There were 200 unique word pairs in the test list: 100 studied pairs and 100 rearranged pairs. The latter were created by rearranging pairs from the study list. Words were re-paired with other words from the same study condition. Thus, three classes of rearranged pairs were defined by whether the words were taken from low-, medium-, or high-interference studied pairs.
Procedure. The procedure was identical to that in Experiment 1. Study duration for each word pair was 4,000 msec.
Results
Hit and false alarm rates are shown in Table 4 . Analyses were carried out using repeated measures analyses of variance. Accuracy based on recognition hits and false alarms reliably decreased with increasing levels of interference [d′, low ϭ 1.67, medium ϭ 1.40, high ϭ 1.28; F (2, 60) 
Discussion
Unlike in Experiment 1, there was an increase (rather than a decrease) in recognition hit rate with increasing interference. However, the same pattern of remembering and knowing was observed in both previous experiments. As predicted by the dual-process account, interference led to a decrease in remember hit rate and an increase in IK hit rate. The reversal in the direction of recognition hit rate came from using noun pairs rather than sentences. With less meaningful stimuli, recollection may be reduced so that familiarity plays a greater role. The results support Notes-Hit (H) and false alarm (FA) rates for low-, medium-, and highinterference conditions are shown for overall recognition and also conditional on subjective state. IK ϭ know/(1 Ϫ remember).
the conclusion that the relative contribution of recollection and familiarity, and not the type of recognition task per se, determines whether interference conditions increase or decrease recognition hit rate. As in Experiment 2, interference reduced recollection of studied pairs but increased the contribution of familiarity to such an extent that the net effect was an increase in recognition hits.
GENERAL DISCUSSION
In the recall literature, associative interference refers to the adverse effect on recall of studying overlapping word pairs (A-B, A-D or A-B, A-B r ) . In recognition, increasing the degree of overlap between pairs can be thought of as increasing the similarity or relatedness between studied items, a manipulation that typically increases recognition false alarm rate but has variable effects on hit rate. The different patterns observed in the literature were reproduced in the present study. Whereas an increase in the overlap between studied pairs always produced more recognition false alarms, it led to fewer recognition hits in Experiment 1 but more hits in Experiments 2 and 3.
According to the dual-process account, interference conditions decrease the likelihood of recollecting an old item but increase its familiarity strength. The net effect of these opposing tendencies can be either an increase or a decrease in recognition hit rate, depending on the relative contribution of the two processes to the memory judgment. For example, reducing the relative contribution of recollection makes it more likely that recognition performance follows a pattern predicted of the familiarity process. Consistent with this, reducing recollection by using pair recognition rather than associative recognition (Experiment 2) or random noun pairs rather than meaningful sentences (Experiment 3) led to an increase in hits with interference. The dual-process account was further supported by the finding that despite inconsistent effects on recognition hits, interference conditions consistently decreased remember hits and increased know (IK) hits, patterns expected of the retrieval processes that were tied to these subjective states.
Advocates of the dual-process view have noted a number of puzzling phenomena that can be understood in terms of the interaction of component processes. For example, the initial increase and then decrease of false alarms to related lures is evidence of the opposition of a fast familiarity process followed by a slower recall-toreject process (Hintzman, Caulton, & Levitin, 1998; Hintzman & Curran, 1994; McElree, Dolan, & Jacoby, 1999) . Closer to the present findings, manipulating the contribution of recollection and familiarity to recognition hit rate can lead to the appearance or disappearance of the word frequency mirror effect (Joordens & Hockley, 2000; Reder, Angstadt, Cary, Erickson, & Ayers, 2002) and the retrieval practice effect (Verde, 2004) . The approach taken in the present study was to show that understanding the mechanisms of retrieval can be useful for generating predictions about the behavior of recollection and familiarity under various conditions. The remaining discussion considers alternatives to the dualprocess account offered here.
Single-Process Account
Some theorists suggest that remember-know judgments reflect only a quantitative and not a qualitative distinction, a view most often expressed in terms of a singleprocess signal detection (SPSD) model (Donaldson, 1996; Hirshman, 1998; Hirshman & Master, 1997; Inoue & Bellezza, 1998) . In this model, recognition judgments are made by placing a decision criterion somewhere along the dimension of familiarity strength. Items with familiarity strength greater than criterion are judged to be old. Remembering merely reflects a second, more conservative criterion, describing items that are not only old but especially familiar. The SPSD model is extremely flexible, and in its unconstrained form (the placement of decision criteria and the characteristics of familiarity strength distributions are all free parameters) can be fit to any set of data. Providing the model with explanatory and not just descriptive power, however, requires examining how it fares when constrained either theoretically or by existing data.
A large body of work is based on the single-process, familiarity-based view of recognition (e.g., Clark & Gronlund, 1996) . Some critics have noted that fitting the SPSD model to remember-know data often requires parameter values that are odd or implausible in the context of this literature (Gardiner & Gregg, 1997; Rotello, Macmillan, & Reeder, 2004) . Research on how people choose their decision criterion in recognition can also serve to constrain the SPSD model. Although it is clear that people do vary their recognition criterion depending on the task and materials, two more specific questions are relevant to the SPSD account.
The first is whether people shift their criterion on a trial-to-trial basis, using different criteria for different classes of items intermixed within the same test list. Subjects have been observed to do this as a result of marked changes in procedure between trials (Heit, Brockdorff, & Lamberts, 2003; Hockley & Niewiadomski, 2001; Verde & Rotello, 2003) , or with distinct types of items that recruit metamemory strategies (Whittlesea & Williams, 2001) . However, when classes of items differ only in their experimentally manipulated memory strength, as was the case in the present experiments, subjects do not seem to change their criterion from trial to trial (Morrell et al., 2002; Stretch & Wixted, 1998) . The second question is how people choose decision criteria. Subjects have been observed to shift their criterion when strength is varied between lists. When discrimination becomes easier, people adopt a higher standard of evidence. In other words, they adopt a more conservative criterion (Hirshman, 1995) .
To understand the SPSD account for the present data, consider that in a familiarity-based model like the one described here, interference conditions should increase the mean strength (Dyne et al., 1990) and possibly the variance (Ratcliff, Sheu, & Gronlund, 1992) of the old item familiarity distribution. This means that if subjects use the same remember criterion for all conditions, remember hits will increase with increasing interference. 3 The decrease in remember hits observed in all three experiments implies instead that subjects used different remember criteria across conditions. In addition, in Experiments 1 and 3, d ′ and remember hits both decreased with increasing interference. This implies that the remember criterion became more conservative as discrimination became harder. The SPSD account, therefore, relies on two claims, about the movement of decision criteria within a single test list and about the direction of this movement, that are at odds with what has previously been observed under somewhat similar conditions.
The weakness of the SPSD model in its current state does not stem from an inability to fit the data but rather from a lack of converging support from the relevant body of theory and findings that should serve to constrain the model, allowing it to explain and not merely describe remember-know data. The dual-process account proposed here is constrained by theory to predict how remember-know responses will change under interference conditions. Moreover, the account can be placed within a larger body of theory and converging evidence from various domains that support a qualitative distinction between remembering and knowing (for reviews, see Gardiner & Richardson-Klavehn, 2000; Yonelinas, 2002) .
Dual-Process Account
Another alternative view of remember-know judgment is agnostic with regard to the number of retrieval processes involved in recognition but suggests that subjective states are not tied to retrieval processes. Rather, the type of information labeled as remembered or known is context dependent (Bodner & Lindsay, 2003; Dewhurst & Conway, 1994; Whittlesea, 2002) . This view is supported by findings that the rate of remember responses is not stable but can be manipulated with biasing instructions (Hirshman & Henzler, 1998; Postma, 1999) and test list composition (Bodner & Lindsay, 2003; Xu & Bellezza, 2001) and also that ostensibly recollective information like memory for source can sometimes accompany know responses (Hicks et al., 2002; Perfect et al., 1996) . As noted earlier, such findings are incompatible with the view that remembering is tied to a high-threshold or all-or-nothing recollection process.
They are, however, compatible with the view that remembering is tied to a recollection process that produces graded information. The idea that both specific and nonspecific memory is graded (Banks, 2000; Johnson, Hashtroudi, & Lindsay, 1993; Rotello et al., 2004) suggests that subjects will vary their criterion for remember-know judgments just as they do for recognition judgments when conditions vary. For example, subjects may adopt a conservative criterion for saying "remember" when the memorable detail of test items is generally high or when instructed to do so; with a conservative remember criterion, subjects will sometimes say "know" even when some detail has been retrieved. This makes it problematic to draw conclusions about the absolute values of remember and know rates, and the comparison of values between tasks. The present approach, however, suggests that remember-know judgments may be useful as a way to compare the relative contributions of recollection and familiarity across classes of items when decision criteria remain fixed.
Although recollection and familiarity have been defined here as distinct processes, an alternative is to define them as different types of information (Johnson et al., 1993; Kelley & Wixted, 2001) . Either view can support the arguments that recognition is not based on a single form of information, that the relative contributions of recollection and familiarity change across tasks, and that the two forms of memory have different properties and can be affected differently by task manipulations. Thus, the distinction may not be critical for present purposes, and certainly in the wider literature the question remains unresolved. The process view was adopted here for two reasons. First, characterizations of the retrieval processes that already exist in the literature lead to a natural account of associative interference effects in recognition. Second, the focus on process allows memory tasks like recognition and recall, traditionally differentiated in terms of process, to be discussed within a single theoretical framework.
Recollection and familiarity were depicted in terms of their central characteristics, competitive selection and aggregation, respectively. Naturally, the processes must be more complex than this. Models of recall, for example, deal not only with the problem of selection but also that of recovery, converting noisy memory information into a usable response (Murdock, 1993; Raaijmakers & Shiffrin, 1981; Rohrer, 1996) . Although recovery may be minimally important in recognition, where the retrieval cue reinstates the memory item, the possibility that strongly associated competitors lead to facilitation rather than to interference during recovery might be examined (M. C. Anderson, Green, & McCulloch, 2000; Nelson, McKinney, Gee, & Janczura, 1998) . As for familiarity, many theorists argue that inference and attribution play a critical role in how people interpret this information (Gruppuso, Lindsay, & Kelley, 1997; Jacoby, Kelley, & Dywan, 1989; Whittlesea, 2002) . One way to think about these things is in terms of the processes by which people choose their response criteria. Such decision processes are compatible with the model of the familiarity process described here. It is possible that attribution processes may be more complex, requiring modification of the familiarity model, but this has not been well explored. The conclusion to be drawn from the present study is not that more complex models will not ultimately be necessary, but rather that the simple depictions of recollection and familiarity make for a meaningful, basic account of the findings.
Is recall an appropriate model for recollection-based recognition? When comparing memory tasks, it is important to distinguish between surface differences (such as the quality of the retrieval cue or the form of the response) and differences in the underlying retrieval processes. Which of these is primarily responsible for the seemingly qualitative differences between recognition and recall remains an open question. However, the idea that recall sometimes plays a role in recognition certainly has intuitive appeal, and it has often been suggested informally (Clark, 1999; Mandler, 1980) . Moreover, forms of recognition requiring very specific information, like associative recognition, can behave in ways that resemble recall more than item recognition (Clark, 1992; Nobel & Shiffrin, 2001; Verde & Rotello, 2004) , giving credence to the idea that memory tasks differ along a continuum. As in the present study, making explicit the relationship between recall and recognition may prove useful in testing theories of recognition.
